ABSTRACT. Using Green type map we can find sufficient conditions under which an impulsive quasilinear equation is dynamically equivalent to its corresponding linear equation. This result extends Grobman-Hartman theorem for equations without ordinary dichotomy.
Introduction
Differential equations with impulses provide an adequate mathematical model of evolutionary processes that suddenly change their state at certain moments. A systematic study of impulsive differential equations was presented in monographs of V. L a k s h m i k a n t h a m , D. D. B a i n o v and P. S. S i m e on o v [1] , D. D. B a i n o v, S. I. K o s t a d i n o v and N g u y e n V a n M i n h [2] and A. M. S a m o i l e n k o and N. A. P e r e s t y u k [3] .
The linearization problem in the theory of ordinary differential equations was explored by D. M. G r o b m a n [4] , P. H a r t m a n [5] , K. J. P a l m e r [6] and other mathematicians [7] , [8] . It is of interest to understand what is the most general class of systems for which the linearization problem can be solved. Recently, L. B a r r e i r a and C. V a l l s gave a version of the Grobman-Hartman theorem for nonuniformly hyperbolic dynamics [9] , [10] . Grobman-Hartman-Palmer linearization theorems were extended also to systems of differential equations in R n with generalized exponential and ordinary dichotomy [11] - [14] .
The equivalence problem involving impulse effect was first consider by A. R e i n f e l d s and L. S e r m o n e [15] - [17] . Other generalizations of the linearization problem are reported in [18] - [21] .
In our research we generalize these results, We use Green type map and integral functional equation technique [8] to substantially simplify the proof. Moreover, our method to prove the dynamical equivalence used in this paper is completely different from previous papers. Furthermore, for more general point of view we consider impulsive differential equations in arbitrary Banach space. To highlight our improvement comparing to previous results, we use an example, where the linear part of the differential equation even does not possess an ordinary dichotomy.
Using the suitable bump function and the change of variables it is possible to reduce the analysis of local equivalence of equations to investigation of the global equivalence of equations.
Main result and proof
Let X be a Banach space and let L(X) be the Banach space of bounded linear maps. Consider the following impulsive differential equationṡ
where:
is locally integrable in the Bochner's sense; (ii) the maps f j : R × X → X, j = 1, 2 are locally integrable in the Bochner's sense with respect to t for fixed x, and, in addition they satisfy the Lipschitz conditions
and the estimate
where N : R → R + and ε : R → R + are integrable scalar functions;
, the maps p 1i : X → X, p 2i : X → X satisfy the Lipschitz conditions and the estimates
(iv) the maps x → x+C i x are homeomorphisms and sup i |(
where I is the identity map; (v) the moments τ i of impulse effect form a strictly increasing sequence
where the limit point may be only ±∞.
Note that condition (iv) implies continuability of solutions (1) and (2) in the negative direction. Furthermore, condition (v) together with the Lipshitz property with respect to x of the right hand side ensures that there is a unique solution defined on R.
Let x j (·, s, x) : R → X, j = 1, 2, be the solutions of impulsive differential equations (1), (2), respectively, where x j (s, s, x) = x. At the break points τ i the value for solutions are taken at τ i + 0. For short, we will use the notation
Using the suitable bump function it is possible to reduce the analysis of local equivalence in a fixed radius tabular neighbourhood of the origin to investigation of the global equivalence.
Ò Ø ÓÒ 1º
The impulsive differential equations (1) and (2) are globally dynamical equivalent if there exists a map H : R × X → X such that:
except of t = s;
Note that the linear impulsive differential equation (3) has infinitely many Green type maps. But if the linear impulsive differential equation (3) has an exponential dichotomy, then moreover there exists a unique Green type map which satisfies the inequality
Therefore the Green type map can be represented in the form
where U (t, s) is evolution operator of (3). Let us note that
The solutions of (1) and (2) for t ≥ s can be represented in the form
Ì ÓÖ Ñ 3º Suppose that the linear impulsive differential equation (3) has a Green type map
Then the impulsive differential equations (1) and (2) are globally dynamical equivalent. 
P r o o f. Let PC(R × X, X) be a set of maps
h : R × X → X that are bounded, continuous for (s, x) ∈ [τ i , τ i+1 ) × X
|h(s, x)|.
We will seek the map establishing the equivalence of (1) and (2) 
in the form H(s, x) = x + h(s, x). We examine the following integro-functional equation
Let us consider the map h → Th, h ∈ M defined by the equality
Because of Lipschitz condition and conditions of the Theorem 3, also Th ∈ M. Next we get
where q < 1. Thus the map T is a contraction and consequently the integrofunctional equation (4) has a unique solution in M.
ANDREJS REINFELDS -DZINTRAŠTEINBERGA
We have
Consequently, we have
Changing the roles of f 1 and f 2 , we prove in the same way the existence of h (s, x) that satisfies the equality
Taking into account uniqueness of maps H t, H(t, ·) −I and H t, H (t, ·) −I in M we have H t, H(t, ·) = I and H t, H (t, ·) = I and therefore H(t, ·)
is a homeomorphism establishing a dynamical equivalence of the (1) and (2).
Let f 2 (t, x) = 0. Then Theorem 3 implies that the impulsive differential equations (1) and (3) are globally dynamical equivalent.
Example
where 
The impulsive differential equation (6) does not even have an ordinary dichotomy.
